Introduction
Photoacoustic spectroscopy (PAS) has been applied to liquid phase samples as a direct coupling method, in which a piezoelectric signal detector is directly contacted with the liquid sample1, 2). Using a laser as the beam source, the method is quite sensitive, and it has been applied as a weak absorption detector3). The lower limit for a detectable absorption coeffi cient is on the order of 10-8 cm-1, utilizing an optimized cylindrical cell4). Thus PAS has been effectively applied to ultrasensitive color imetric analysis in ppt (pg/mL) regions5-9). These applications are based on measurement of the photoacoustic (PA) signal amplitude. However, the phase of the PA signal has not been applied to characterization of liquid samples. 
Discussion
The theoretical values of the phase shift for the polystyrene microparticle are calculated Particle radius d(ƒÊm) Fig. 2 Dependence of the phase shift on the radius of polystyrene microparticles in liquids. The solid line is the theoretical values calculated with eq. (2), and the dashed line is the regression line for the measured values.
The experimental para meters are listed in Table 1 , and the material constants for the calculation are listed in Table 2 . with eq. (2) using the parameters listed in Table 2 , and the values are indicated in Fig.  2 by the solid line. The experimental results agree well with the theoretical values within the experimental accuracy and the size distri butions of each solution. Hence the relation ship between the phase shift of PA signals and the radius of the microparticles in liquids, Measurement of Microparticles Using PAS 481 expressed in eq. (2), is confirmed, and the size measurement based on the relationship is veri fied. However, the slope of the regression line in the graph is smaller than that of the theoretical values. This seems to be due to approximating the heat transfer coefficient h= in eq. (1), in which additional terms with 
